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WRN  GOVERNMENT  OR  /  HER  DR*  TONGS,  SPECIFICATIONS  OR  OTHER  DATA 
V  FOR  ANY  PURPOSE  CTi  I*  THAN  IN  v  ONNECTION  WITH  A  DEFINITELY  RELATED 
NXWT  PROCUREMENT  OP.  R  TION,  TH  U.  S.  GOVERNMENT  THEREBY  INCURS 
WSIBILmr,  NOR  ANY  OBL. "  \TION  W?  ATSOEVER;  AND  THE  FACT  THAT  THE 
i2EEJIAT  BAVK  ^  ~  -NtSHED,  OR  IN  ANY  WAY  SUPPLIED  THE 

'"22**  SPECIFICATIONS,  Oi  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
O  KM  OR  OTHERWISE  AS  IN  A  IT  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
C*  CORPORATION,  OR  CONV  *YIMG  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE 
fl.LL  ANY  PATENTED  INVBN  !ON  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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Les  essais  dont  nous  allons  donrer  ci-dessous  Its  conditions  d'execu- 
tion  et  l*s  r^sultats,  ont  it4  sp^cieltment  entrepris  dans  U  cadre  du 
Contrat  No.  AF  61  (514)  1409.  Le*  faibles  deiais  qui  nous  etaient  imp»rMs 
nous  ont  obliges  A  Us  rcallser  A  cadenCe  trAs  rapide,  ce  qui  nous  a  pla¬ 
ces  en  face  de  difficult**  assez  grandes  quant  A  la  reunion  des  moyens  ma¬ 
teriel:  et  du  personnel  neceasaires. 


I.  BUT  DES  ESS A IS  i 


L'un  des  buts  des  essais  residait  dans  lUtude  comparat* vet  pour  une 
tuyere  donr.ee,  de  plusieurs  r^glages  possibles  obtenus  en  faisant  va- 
rier  la  pression  d'alimentation  et  Us  dimensions  de  l'ouverture  de  la 
fente  de  la  tuyAre. 


Ceci  realise,  on  a,  pour  une  mime  famille  de  tuyeres  homothetiques  ou 
semblables,  compare  Us  performances  de  ces  differentes  tuyAres. 


Enfin,  tous  Us  essais  precedents  etant  effects,  on  put  en  deduire 
la  famille  de  tuyeres  ayant  le  meilleur  rendement. 


Nous  nous  sommes  egalement  efforces  d'effectuer,  autant  que  possible, 
une  etude  qualitative  de  ces  tuyeres. 


b)  Terminoloqie  et  definitions  t 


Les  tuyeres  COANDA  sont  de  trois  types  differents  (Figures  ci-dessous) 
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GENERAL  OCNDITICMS  OF  TV€  TESTS  MADE 
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The  tests  which  were  carried  out  in  the  conditions  and  gave  the  re- 
suits  to  be  described  below  were  performed  in  execution  of  Contract  No* 

AF  61  (614)  1409*  Owing  to  the  short  time  at  our  disposal,  they  had  to 
be  carried  out  in  rapid  succession  so  that  we  were  faced  with  considerable 
difficulties  in  collecting  the  material  equipment  and  the  personnel  re  - 
quired. 


O 
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I.  PURPOSE  OF  THE  TESTS  t 

e 

a)  Comparative  study  of  nozzles. 

One  of  the  objects  of  the  tests  was  to  make  a  comparative  study,  for 
a  given  nozzle,  of  various  different  adjustments  possible,  obtained 
by  varying  the  feed  pressure  and  the  dimensions  of  the  slot  opening. 

Having  done  this,  we  compared  the  performance  of  different  nozzles 
belonging  to  the  same  category  of  homothetic  or  similar  nozzles. 

Finally,  on  the  basis  of  the  above-mentioned  tests  we  were  able  to 
deduce  which  category  of  nozzles  had  the  highest  efficiency. 

We  also  tried  to  make  a  qualitative  study  of  the  nozzles. 

.  ® 

b)  Terminology  and  definitions. 

COANDA  nozzles  are  of  three  different  types,  as  shown  in  the  figures 
below  : 
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-  External  nozzlce  t  of  •  interest  for  theoretical  expert  aiente- 
tl on  but  of  no  interest  as  rec*  •«  tho  Aerodyne. 

-  Internet  itozzles  t  used  for  tho  toots  in  question. 

-  "L.A."  type  nozzles  s  used  for  other  tests. 

General  description  of  a  COANDA  internal  nozzle  : 

A  COANDA  nozzle  consists  of  the  following  parts  t 

-  a  converoent-divercent  part  presenting  a  throat. 

-  the  convergent  starts  with  a  so-called  fixed  lip  whose  profi’e  may  be 
continuous  or  present  successive  facets.  The  cross-section  of  this 
lip  is  called  the  profile.  The  whole  is  surrounded  by  a  concentric 
body,  the  space  between  the  body  of  the  nozzle  and  the  convergent- 
divergent  forming  the  chamber  of  the  nozzle. 

-  On  fhe  convergent  side  thi3  chamber  is  closed  by  a  toric  element 
screwed  onto  the  body.  This  is  the  ca£  of  the  nozzle,  and  its  edge 
which  can  be  screwed  down  to  touch  the  fixed  lip  is  called  the  adjus¬ 
table  lip. 

-  When  this  cap  is  unscrewed,  the  two  lips  move  apart  and  the  shortest 
distance  between  them  is  called  the  real  opening  :  this  real  opening 
is  not  always  easy  to  mesure  directly,  so  that  we  prefer  to  take 
so-called  ''opening  by  pitch",  which  measures  the  movement  of  the 
by  unscrewing  this  cap.  The  relation  of  the  real  opening  to  the 
ning  by  pitch  for  each  nozzle  is  given  in  a  table. 

c)  Nozzles  tested. 

The  nozzles  are  classified  into  categories.  Within  one  category 
nozzles  may  be  homothetic  (for  zero  opening)  or  similar,  that  is 
say  having  the  same  meridian  section  but,  a  different  diameter  of 

Four  categories  of  nozzles  were  tested  t 

-  One  category  of  homothetic  nozzles  with  facets  (nozzles  12, 
and  22) . 

-  Two  categories  of  homothatic  nozzles  with  rounded  profiles 
(nozzles  I02b,  162,  202,  302b,  and  nozzles  104,  164,  204  and  304 
respectively. 

-  One  category  with  similar  rounded  profiles  (nozzles  102,  202 
and  302 ) . 

These  nozzles  were  oast  in  aluminium.  Their  construction  was  a  very 
tricky  job,  and  these  prototypes  should  have  been  made  of  bronze  in  order 
tc  ensure  the  absolute  regularity  of  the  profiles  and  have  a  better  sur¬ 
face.  However,  the  high  cost  of  such  nozzles  led  us  to  adopt  aluminium 
as  a  cheaper  material  and  quicker  to  work  on.  We  were  thus  able  to  make 
interesting  comparative  tests;  however,  it  is  quite  certain  that  with  rnate- 
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das  realisation*  wei  1 1  aura*  d'usinaga  pourraiant  amlliorar  ancora  sentibla- 
mant  la  phenomena. 


Utilisation  da  l*  tuv>r»  *  Do  l'air  sous  prassion  anvoy<  dans  }•<*•**• 
da  la  tuylra,  an  sort  par  la  fanta  antra  la  ltvra  mobila  at  la  lftvra  nxa. 
U  debit  da  cat  air  ast  appall  dibit  prlaalra.  La  jat  qua  constitua  l'air 
primaira  suit  la  profil  da  la  tuylra  an  aspirant  da  l'air  ambiant  at  la 
tout  passa  1  travars  la  convargant-divargant.  La  dibit  masurl  b  la  sortia 
du  divergent  ast  appall  dibit  total,  laqual  sa  compose  done  da  l'air  Pli- 
maira  (dibit  primaira)  at  da  l'air  aspirl  (air  sacondalraJ*  !■*  rapport  du 
dibit  total  au  dibit  primaira  ast  appell  "induction*.  La  flux  da  quantitl 
de  mouvement  ainsi  crll  exerce  une  force  sur  la  tuyfere.  La  composante  da 
cette  force  suivant  l'axe  d#  la  tuylre  ast  appall#  "traction" » 


d)  Mesures  s 

Lcj  mesures  que  l'on  se  proposait  de  faire  Itaient  las  suivantea  : 

-  pression  le  long  de  la  llvre  fixe, 

-  dibit  primaire, 

-  dibit  total, 

-  traction, 

-  templrature  dans  la  chambre  de  la  tuyere, 

-  templrature  h  la  sortie  du  divergent, 

-  vitesse  b  la  sortie  du  divergent, 

-  templrature  du  jet  &  la  sortie  de  la  fente, 

toutes  ces  mesures  pour  difflrents  rlglages  d'ouvertures  et  de  pressions 
dans  la  chambre  de  1^  tuytre. 


II.  METHODS  OPERATOIRE  t 

a)  Installation  qlnlrale  du  banc  d'essais.  (Les  numlros  mis  entre  parentheses 

(  renvoient  au  schlma  du  banc 

Le  banc  d'essais  comprenait  :  (  d'essais.) 

-  Trois  compresseurs  de  25,  10,  7,5  CV.,  montls  en  slrie,  dlbitant  environ 
0,45  Kg.  d'air  par  seconde. 

Cat  air  Itait  accumull  dans  deux  rlservoirs  d'un  volume  total  de  6  m3., 
pouvant  supporter  une  pression  de  7  Kgs./cm2  (18  et  19).  Ces  rlservoirs 
Itaient  en  liaison  avec  un  rlservoir  dit  "rlservoir  tampon"  d'une  capa- 
citl  de  2  m3  (15),  dans  lequel  on  s? arrangaait,  par  manoauvras  de  vannes, 
pour  avoir  une  pression  constant*  de  4,5  Kgs./cm2.  De  ce  rlservoir  tam¬ 
pon  l'air  traversait  deux  dlbimfctres  de  sensibilitl  difflrente  (14  et  15). 
Get  air  passait  ensuite  dans  un  petit  rlservoir  destinl  b  homoglnliser  let 
caractlristiques  physiques  de  la  vein#.  L'air  traversait  alors  un  joint 
tournant  (4),  puis  se  rendait  dans  la  chambre  da  la  tuyfcra  :  celle-ci 
Itait  suspandue  b  une  balance  penduleire  (6). 

b)  Me sure  du  dibit  primaire  t 

La  gamme  das  essais  nlcessitait  deux  sensibi litis  de  dlbimfetres  qui  furent 
montls  en  parall&le.  D'abord  un  dlbimfetre  k  diaphragm*  "BERI"  (14),  qui 
dans  les  conditions  des  essais  (pression  au  diaphrpgme  de  l'ordre  da 


rial  allowing  of  hotter  machining  the  efficiency  of  the  phenomenon  could 
be  still  further  increased. 


Operation  of  the  nozzle  t  Compressed  air  is  sent  into  the  chamber  of 
the  nozzle  and  emerges  from  the  slot  between  the  adjustable  lip  and  the 
fixed  lip.  The  air  discharged  through  the  slot  is  called  the  primary 
flow  (primary  air).  The  Jet  of  primary  air  follows  the  profile  of  the 
nozzle,  on  its  way  inducing  part  of  the  surrounding  air,  and  the  resulting 
mixture  passes  through  the  convergent-divergent.  The  discharge  measured 
at  the  exit  of  the  divergent  is  called  the  total  flow  and  thus  consists 
of  the  primary  air  (primary  flow)  and  Induced  air  (secondary  air)  .  The 
ratio  of  the  total  flow  to  the  primary  flow  is  called  the  "induction". 

The  momentum  flux  thus  created  exerts  a  force  on  the  nozzle.  The  compo¬ 
nent  of  this  force  along  the  axis  of  the  nozzle  is  called  the  thrust 
(refered  to  in  ths  tables  as  traction) . 

d)  Measurements  : 

The  measurements  undertaken  were  as  follows  : 

-  pressure  along  the  fixed  lip, 

-  primary  flow, 

-  total  flow, 

-  traction, 

-  temperature  in  the  nozzle  chamber, 

-  temperature  at  the  exit  of  the  divergent, 

-  velocity  at  the  exit  of  the  divergent, 

-  temperature  of  the  jet  at  the  exit  of  the  slot, 

all  these  measurements  being  taken  for  a  series  of  different  openings 
and  pressures  in  the  chamber  of  the  nozzle. 


II.  OPERATIONAL  PROCEDURE  : 

a)  General  equipment  of  the  test  bench. 


The  test  bench  contained  the 
following  ; 


(The  numbers  in  brackets  are  for 
(reference  to  the  test  bench 
(diagram.  ) 


-  Three  compressors  of  25,  10,  7,5  hp,  mounted  in  series,  their  approxi¬ 
mate  output  being  0.45  Kg  of  air  per  second. 

This  air  was  collected  in  two  reservoir  tanks  having  a  total  volume  of 
6  cubic  meters,  able  to  stand  a  pressure  of  7  kg/cm2  ( 18  and  19).  These 
reservoirs  were  connected  to  a  so-called  "buffer  tank"  of  2  cubic  me¬ 
ters  capacity  (15),  in  which  by  means  of  a  system  of  cocks  we  maintai¬ 
ned  a  constant  pressure  of  4.5  kg/cm2.  Coming  from  this  buffer  tank, 
the  air  passed  through  two  flow  meters  of  different  sensitivity  (14  and 
15).  This  air  then  passed  into  a  small  tank  the  purpose  of  which  was 
to  homogenize  the  ohysical  characteristics  of  the  stream.  Then  the 
air  flowed  through  a  turning  joint  (4)  and  went  on  into  the  r.ozzie 
chamber.  The  nozzle  was  suspended  on  a  swing  balance  (16). 

b)  Measurement  of  the  primary  flow  t 

The  range  of  tests  undertaken  made  it  necessary  to  have  flow  meters 
of  two  sensibilities,  which  were  mounted  in  parallel.  First  there  was 
a  "BERI"  flow  metor  vjith  diaphragm,  which  in  the  conditions  prevailing 


4,5  Kg*./e*?  b  .Xf)  povvait  wturtr  un  dibit  4*  50  b  500  gnwi  par  »•* 
c oode.  Ensvlte,  un  dlbiattr*  A  dUpbraga*  aussl,  du  type  /yroottr* 
"Houdec"  (II),  qui,  toujour*  sou*  lot  condition*  d«i  ttuli,  pouvalt  **- 
•ur*r  un  d/Mt  do  250  b  1.300  grtaao*  par  ivc'^ndt. 

c)  T— «*r»tur*«  t 

Lot  temperatures  au  niv*au  d««  d/bia^tro*  etaient  maurles  par  das  thermo- 
mitres  splciaux  b  aarcura  ( 13 ) • 

La  temperature  au  nlvaau  da  la  tuylre  etait  mesure*  par  das  thermo-couples 
B.T.E.  -  C.T.E.  (9). 

d)  Masura  das  Prasslona  t 

D'une  fagon  gln^'rale,  la  term*  "pressior.s"  signlfiera,  dans  cas  assals, 
"pressions  manometriques"  et  non  "prasslona  absolues".  La  determination 
da  la  repartition  de  pression  le  long  du  profil  da  la  tuylr#  sa  fit  au 
moyen  de  prises  statiques  ralieas  b  l'interiaur  da  la  chambre  de  la  tuy&ra 
b  das  tubes  de  caoutchouc  sortant  de  la  tuyere  b  travers  la  corps  de  celle- 
ci  au  moyen  de  tubes  de  laiton  rigides.  Cas  tubes  de  iaitjn  etaient  alors 
relies  par  des  tubes  de  caoutchouc  souples  h  une  batterie  de  manomfctres ( 10) 
di f ferentiels  &  mercure.  La  pression  dans  la  chambre  de  la  tuyere  etait 
mesuree  par  un  manomHre  metal  lique,  ou  par  un  manometre  £  mercure  (5). 

e)  Mesures  de  traction  i 

La  balance  (6)  etait  constituee  de  deux  bras  de  levier  horizontaux  de 
chacun  2  m.  de  long;  h  un  troisi^me  bras  da  levier  vertical  etait  fixee 
la  tuyere  h  essayer,  de  telle  fagon  qua  l’axe  de  la  tuyere  soit, h  quelques 
millimetres,  situe  a  un  mitre  un  point  de  rencontre  geometrique  des  trois 
bras  de  levier  de  la  balance.  Le  systlme  des  trois  bras  de  levier  repo- 
sait  par  1 '  intermediate  de  deux  couteaux  sur  un  socle  rigid®  fixe  au  sol. 

A  l'arrlt,  la  balance  etait  tar^e  de  fagon  &  ce  qua  les  deux  bras  de  le¬ 
vier  en  prolongement  l'un  de  l'autre  soient  ef fectivement  horizontaux. 

En  cours  d'essais,  la  mesure  de  la  traction  s'effectuait  par  la  mesjre  du 
couple  produit  par  la  balance;  pour  ce  faire,  on  plagait  des  poids  sur  des 
plateaux  situ^s  aux  extr^mit^s  des  bras  de  levier  horizontaux  de  fagon  h 
amener  ef fectivement  ces  bras  de  levier  l  1 'horizontal .  En  fait,  pour 
augmenter  la  precision  et  la  rapidity  des  mesures,  on  fut  amene  h  comple¬ 
ter  ce  system*.  A  l'extremite  de  l'un  des  bras  hoiizontaux  etait  Fendue 
une  chain*  dont  l'extremite  libre  pouvait  Itre  relevee  et  attache*  b  un 
point  fixe  independent  de  la  balance  par  l'intermediaire  d'un  mouline*; 
ce  systlme  permettait  de  charger  d'une  fagon  continue  les  plateaux  de  la 
balance. 

f)  Mesure  du  dibit  total  t 

Pour  des  raisons  que  nous  expliquerons  plus  loin,  !*  debit  h  la  sortie  du 
divergent  n'a  pu  se  faire  qu'au  tube  de  Pitot.  Le  tube  de  Pitot  utilise 
avait  ete  construit  et  etalonne  par  le  C.N.R.S.  (Centre  National  de  la 
Recherche  Scientif ique.) 


La  difference  de  pression  4tait  mesurle  par  un  manomfetre  h  eau 


during  the  Uiti  ;4iap#ir*g«  pmturt  apprea.  4.}  kn/c *2  it  20*)  could  *Mi>rt 
«  fiom  of  50  to  500  gra**  per  second.  Then  cm*  another  flow  eater  also 
•it*'  dtanhr  ge«  cf  »he  •Hd'OCC*  cy row  ter  type  (ll),  which,  In  the  given 
test  vndiHone,  could  eeesure  a  floe  of  250  to  I,3C0  grace  per  second. 

c)  Temperature  measurement!  * 

The  temperature  at  the  level  of  the  flow  meters  was  taken  with  special  mer¬ 
cury  thermometers  (13). 

The  temperature  at  the  level  of  the  nozzle  was  measured  by  B.T.E.  -  C.T.E. 
thermocouples  (9). 

d)  The  term  "pressure",  used  In  reference  to  these  tests,  means  gauge  pressure 
and  not  absolute  pressure.  The  distribution  of  pressure  along  the  profile 

of  the  nozzle  was  determined  by  means  of  static-pressure  connections,  connec¬ 
ted  inside  the  nozzle  chamber  to  flexible  rubber  tubes,  these  being  connec¬ 
ted  to  rigid  brass  tubes  passing  out  through  the  body  of  the  nozzle,  where 
they  were  again  connected  to  rubber  tubes  leading  to  a  set  of  mercury  diffe¬ 
rential-pressure  gauges  (iO).  The  pressure  inside  the  nozzle  chamber  was 
measured  by  a  metallic  gauge  or  a  mercury  gauge  (5). 

«)  Traction  measurements  ; 

The  balance  (6)  was  formed  by  two  horizontal  lever  ams,  each  2  meters  long. 
The  nozzle  to  be  tested  was  attached  to  a  third,  vertical  lever  arm,  in 
such  a  way  that  the  axis  of  the  nozzle  was,  to  within  a  few  millimeters, 
one  meter  from  the  geometrical  point  of  intersection  of  the  three  lever 
arms  of  the  balance.  The  element  consisting  of  the  three  lever  arms  rested 
on  two  knife-edges  attached  to  a  rigid  stand  fixed  to  the  ground. 

The  balance  was  adjusted  so  that  when  at  rest  the  two  lever  arms  lyinq  in 
the  same  line  were  exactly  horizontal.  During  the  tests,  the  traction  measu¬ 
rements  were  taken  by  measuring  the  couple  produced  by  the  balance.  To  do 
this,  weight*,  were  placed  on  the  plates  at  the  extremities  of  the  horizontal 
lever  arms  in  order  to  bring  them  into  the  horizontal  position.  In  order 
to  increase  the  accuracy  and  rapidity  cf  the  measurements,  we  completed 
the  system  by  hanging  a  chain  from  the  end  of  one  of  the  horizontal  arms, 
which  could  be  attached  by  means  of  a  reel  to  a  fixed  point  not  connected 
with  the  balance.  This  system  made  possible  a  continuous  adjustment  of 
the  level  of  the  balance  plates. 


f )  Measurement  of  the  total  flow. 

For  reasons  which  will  be  explained  later,  the  discharge  at  the  exit  of 
the  divergent  could  only  be  measured  with  a  Pitot  tube.  The  Pitot  tube 
used  was  made  and  calibrated  by  the  C.N.R.S.  (National  Center  for  Scien¬ 
tific  Research). 


The  pressure  difference  was  measured  by  a  water  gcuge 


ii i.  Disagio*  n  r«tJi»iow  au  i i^g. 

b*  cheefcre  d j  la  tuylre  ¥talt  «lla*nt^«  an  air  prl-*»tre  par  un  *eul  ort- 
f lea,  ca  qul  constitue  una  source  d’lrr^gultrlt**  dens  1 'slieentation  at 
dans  l'lcoul event. 

En  outre,  il  ast  Evident  qua,  par  1'exlstence  mtm  da  I'Uffet  COANOA,  la 
vitesse  d'lcoulamtnt  la  long  da  l'exe  da  la  tuyfcre  ast  plus  falbla  qu'au 
voisinage  das  parols,  d'ou  la  r.4cessitl  pour  ur,a  masura  precis*  du  d£bit 
total  par  un  syst£ma  b  diaphrag me  d'una  longue  canalisation  cyllndriqua 
&  la  suite  du  divergent  pour  homoo^n^iser  la  veins,  Un  tal  syst^me,  lourd, 
ancombrant,  ne  pa mat  pas  alors  da  masures  timultanles  da  tractions. 

La  masure  da  celle$-ci  nous  paraissait  plus  int^ressante  qua  la  masura  du 
debit  total.  En  affat,  thdoriquamant,  la  traction  est  Igale  au  flux  da 
quantity  de  mouvement  sortant  et  una  masura  precise  de  la  vitassa  b  la 
sortie  devrait  permettre  de  calculer  la  traction;  en  fait,  1 ' irregularity 
de  la  tuyere  fait  que  la  quantity  de  mouvement  n'ast  pas  orientle  suivant 
l'axe  de  la  tuyere  et  la  traction  n'ast  plus  £gale,  mais  inf^rieure,  au 
flux  de  quantity  de  mouvement  sortant.  On  a  done  4t4  amene  au  syst&me  sui¬ 
vant  :  mesures  directes  des  tractions  au  moyen  de  la  balance  sus-indiqu4e, 
mesures  de  la  vitesse  de  sortie  par  sondnges  au  Pitot  en  cinq  points. 

On  a  tente  de  regulariser  un  peu  la  veine  en  compliant  la  tuyere  propre- 
ment  dite  par  un  divergent  de  realisation  quasi  instantande,  forme  de  pla¬ 
ques  da  mati^re  plastique  lisse  de  poids  rv'gligeafcle  st  errant  une  perte 
de  charge  elle  aussi  negligeable. 

Les  vitesses  de  sortie  indiquoes  dans  les  resultats  des  essais  sont  caleu- 
lt'es  d'apr^s  la  moyenne  des  indirations  du  Pitot  et  le  debit  total  est 
calcule  a  partir  de  cette  vitesse,  de  la  section  de  sortie  du  divergent  an 
matiere  plastique,  en  prenant  pour  densite  de  l'air  celle  correspondant 
&  la  temperature  indiquee  par  le  thermo-couple. 

b)  Precision  de  la  mesure  du  debit  primaire  : 

Le  debimHre  3ERI  (14)  a  une  precision  de  l'ordre  de  plus  ou  moins  5  gram¬ 
mes.  Les  essais  faits  avec  le  d^bimatre  3ERI  correspondent  a  un  debit 
primaire  compris  entre  50  et  500  grammes  par  seconde,  et  1'erreur  relative 
est  done  toujourr  ~omprise  entre  I  et  10  %. 

Le  gyrom^tre  "HOUDEC"  (il)  ne  donne  pas  une  precision  sup^rieuia  A  15 
qrammes. 

Ce  debimktre  etant  utilise  pour  des  debits  sup4rieurs  b  300  grammes/seconde, 
1'erreur  relative  est  toujours  inf^rieure  &  5  X. 

c)  Precision  de  la  mesure  des  temperatures  t 

La  me  sure  des  tefnperaturoa  au  ‘niveau  des  debim'?tres  a  ete  faite  par  thermo— 
metres  sptciaux  au  mercure  (13),  gradu4s  en  l/5kme  de  degre,  b  rlponse 
rapide. 

La  precision  etait  largement  suffisante  pour  la  mesure  des  debits. 

•  *  c,  „  - 

__  .  -  %  ,  .  ^ 

La  mesure  des  temperatures  au  niveau  de  la  tuyere  et  £  la  sortie  de  la 
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•  Pl»gr»p*  «y  the  — »ure— ntt  of  traction  »nfl  11»  * 

The  nozzle  chaeber  wes  fad  with  prinary  air  from  a  tingle  orifice,  which 
constituted  a  source  of  irregularity  in  tha  air  supply  and  tha  flow. 

Besides,  it  is  clear  froe  the  narw  existence  of  the  CQANDA  Effect  that 
the  flow  along  the  nozzle  axis  is  slower  than  along  the  walls,  whence 
the  necessity  for  accurate  measurement  of  the  total  flow  by  a  diaphragm 
system  placed  in  a  length  of  cylindrical  tube  extending  the  divergent, 
in  order  to  render  the  flow  homogeneous.  Such  a  system,  heavy  and 
combersome,  does  not  permit  of  simultaneous  traction  measurements.  These 
measurements  had  a  greater  interest  for  us  than  those  of  the  total  flow. 
Theoretically,  tha  traction  is  equal  to  tie  momentum  flux  emerging  from 
the  nozzle,  and  accurate  measurement  of  the  exit  velocity  should  enable 
us  to  calculate  the  traction.  In  actual  fact,  however,  the  irregularity 
of  the  nozzle  prevents  the  momentum  from  being  directed  along  the  axis 
of  the  nozzle  and  the  traction  is  no  longer  equal  to,  but  less  than,  the 
momentum  emerging  from  the  nozzle.  We  were  thus  led  to  adopt  tha  follo¬ 
wing  practice  :  direct  measuramert  of  the  traction  by  the  balance  refered 
to  above,  and  measurement  of  the  exit  velocity  by  soundings  with  the 
Pitot  tube  at  five  points.  We  tried  to  regularize  the  stream  a  little 
by  extending  the  nozzle  proper  with  a  divergent,  devised  on  the  spur 
of  the  moment,  formed  of  sheets  of  smooth  plastic  of  negligible  weight 
and  creating  only  a  negligible  loss  of  energy  in  the  air  flow. 

The  exit  velocities  shown  in  the  results  of  the  tests  are  calculated 
according  to  the  mean  of  the  Pitot  tube  readings  and  the  total  flow  is 
calculated  from  this  velocity,'  at  the  exit  section  of  the  plastic  di¬ 
vergent,  taking  the  air  density  correspondino  to  the  temperature  shown 
by  the  thermocouple. 

b)  Accuracy  of  the  measurements  of  primary  flow. 

The  BHRI  flow  meter  (14)  reads  accurately  to  within  approximately  5  grams. 
The  tests  made  with  the  BERI  flow  meter  were  for  a  primary  flow  of  bet¬ 
ween  50  and  500  grams  per  second,  so  the  error  is  always  between  I  and 
10  %. 

The  HOUDEC  ayrometer  ( I i)  is  only  accurate  to  within  15  grams. 

As  this  flow  meter  was  used  for  flows  above  300  grams  per  second,  the 
error  still  remains  less  than  5  %. 

c)  Accuracy  of  the  temperature  measurements. 

The  temperature  at  the  level  of  the  flow  meters  was  taken  by  special 
quick-reading  mercury  thermometers  (13),  graduated  in  fifths  of  a  degree. 

Their  precision  was  quite  adequate  for  flow  measurements. 

The  temperature  at  the  level  of  the  nozzle  and  at  its  exit  was  measured 
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tuy>r*  etait  fait#  par  thtraoeoupUt  (9)  fournlt  par  l»  C.N.^.S.  Le  st*4- 
m  <h  ('Installation  4 talt  la  solvent  t 


La  soudure  froide  das  thermo-couples  etait  maintenue  I  temperature  cons- 
tante;  la  soudure  froide  baignait  dans  du  mercure  place  dans  un  tube  k 
essais  plongeant  dans  de  l'eau  contenua  dans  une  bouteille  Thermos,  elle- 
mfime  entouree  d'une  calsse  emplie  de  sciure  de  bois.  Malgr4  les  fortes 
amplitudes  de  temperature  atmospherique  (jusqo'A  10°  en  une  heure),  la 
temperature  de  la  soudure  froide  ne  varlalt  pas  de  plus  d'un  dixifcme  de 
degre  en  une  heure.  Le  courant  circulant  dans  les  thermo-couples  etait 
mesure  par  un  micro  amperem&tre  A.O.l.P.  Un  shunt  &  resistance  varia¬ 
ble  etalonne  permettait  de  faire  varier  la  sensibility  du  dixi&me  de  degre 
au  degr4. 

O'une  fa<;on  g4nerale,  cette  installation  etait  du  type  utilisabla 
pour  l'exploration  de  la  couche  limite  thermique,  mais  4tant  tr£s  sensible 
aux  ecarts  de  temperature  ambiante  et  n'ayant  pas  ete  isoiee,  la  preci¬ 
sion  des  mesures  est  de  l'ordre  de  plus  ou  moina  2/lOlmes  de  degre. 

Les  vitesses  auxquelles  etaient  soumises  les  soudures  chaudes  des 
thermo-couples  or.t  permis  de  regliger  I'influence  de  la  forme  de  la  sou¬ 
dure  et  les  courants  de  convextcn  du  support  de  la  soudure  sur  la  tempe¬ 
rature  lue.  L'un  des  thermo-couples  etait  fixe  h  l'interieur  de  la  cham- 
bre  de  la  tuy&re,  1' autre  thermo-couple  etait  place  &  la  sortie  du  diver¬ 
gent  en  plastiqu?.  Un  systems  d'interrupteurs  permettait  des  mesures 
quasi-instantane?s  de  ces  deux  temperatures. 

f  ~  4t  9  t  *  •  * 

\ 


by  thermocouples  (9)  supplied  by  tha  C.N.R.S.  Their  irranywnt  it  thorn 
tn  th#  following  61  •grim  t 


The  cold  junctions  of  the  thermocouples  were  maintained  at  constant  tem- 
perature;  the  cold  junction  was  immersed  ir.  mercury  in  a  test  tube 
standing  in  water  contained  in  a  thermos  flask,  the  latter  being  in  a 
wooden  box  filled  with  sawdust.  In  spite  of  considerable  variations  in 
the  atmospheric  temperature  (up  to  10°  C  in  an  hour),  the  temperature  of 
the  cold  junction  did  not  vary  by  more  than  a  tenth  of  a  degree  in  one 
hour.  The  current  in  the  thermocouple  circuit  was  measured  by  a  micro- 
ammeter  A.O.I.P.  The  sensibility  could  be  varied  from  a  tenth  cf  a  degree 
to  one  degree  by  means  of  a  calibrated  variable-resistance  shunt. 

In  a  general  way,  this  system  of  thermocouples  was  of  the  type  which 
can  be  used  for  exploration  of  the  thermal  boundary  layer,  but  being  very 
sensitive  to  changes  in  the  surrounding  temperature  and  not  being  insu¬ 
lated,  the  measurements  were  only  accurate  to  within  approximately  2/lOths 
of  a  degree  centigrade. 

The  velocities  to  which  the  hot  junctions  of  the  thermocouples  were 
exposed  made  it  possible  to  disregard  the  influence  on  the  temperature 
read  of  the  shape  of  the  junction  and  of  the  convection  currents  due  to 
the  junction  holder.  One  of  the  thermocouples  was  fixed  inside  the  cham¬ 
ber  of  the  nozzle,  the  other  was  placed  at  the  exit  of  the  plastic  diver¬ 
gent.  A  system  of  switches  made  it  possible  to  take  almost  instantaneous 
measurements  of  these  two  temperatures* 
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d)  Prl cielon 


^t>H  tPUl  t 


La  Tvaur*  du  dibit  total  oat  cert«lne«*nt  la  wiurt  la  moins  prlcise  qua  nous 
•y on*  pu  fair*.  Oh  aoaurait  las  vltassas  autant  qua  posslbla  avac  la  Pitot 
at*  qusnd  la  Pitot  Itsit  luwiiMt*  avac  |.,n  »nlwni>tra.  La  Pitot  a  Itl  utl— 
11*4  dla  una  vltassa  da  5  m./sac.*  mala  la  repartition  trfcs  complese  das  vi- 
taasaa  A  la  aortia  du  divaroant  fait  qua  la  vitassa  moyanna  obtanua  ^par  son- 
dagaa  an  cinq  points,  rappelnns-lo)*  cst  paut-4tra  assaz  loin  da  la  rlalitl. 
Cacl  paut  conduira  b  das  arraurs  sansiblas  aur  la  dibit  total  qui  sa  rlparcuta- 
ront  naturallament  aur  l'induction.  II  eat  difficile  da  donner  un  ordre  da 
grandaur  da  la  precision;  l'erraur  relative  ast  sans  douta  inflrieure  ^  10  % 
pour  lea  assais  sur  la*  tuyeres  i  faeettes  ou  las  vitessas  masurles  Itaient 
grandaa.  La  precision  na  doit  pas  dlpasser  15  %  pour  res  masures  sur  ies  au- 
tres  tuyeres.  II  an  result#  qu'en  valeur  absolua  les  inductions  soni  donnlas 
avac  una  variation  du  chiffre  significatif  de  plus  ou  moins  una  unite. 


Notons  qua  le  divergent  en  plastique  rlalisl  Itait  homothltique  pour  une  fa- 
mi  11a  da  tuyeres. 


a)  Precision  de  la  mesure  des  Tractions  x 

La  presence  du  joint  tournant  suivi  d'une  durite  et  la  longueur  dcs  Isviers  da 
la  balance  faisaient  qu'&  vide  la  balance  Itait  sensible  &  la  traction  de  20 
grammes,  mais  en  cours  d'essais  la  disyrretrie  de  l'lcoulement  donnait  naissance 
b  un  couple  agissant  sur  les  couteaux  de  la  balance,  diminuant  la  sensibilitl  da 
celle-ei,  et  on  ne  pout  pas  pretendre  a  une  precision  suplrieure  b  50  grammes. 


f)  Precision  de  la  mesure  des  Pressions  t 

Repartition  de  pression  sur  le  profil  x  Le  diam&tre  das  prises  stati- 
ques  Itait  de  1' ordre  de  8/l0£mes  de  millimetre.  Sur  une  si  faible  distance 
le  gradient  de  pression  est  ccnendant  elevl  puisque  pour  les  tuyeres  b  faeettes 
la  longueur  d'une  facette  peut  n'etre  que  de  quelques  millimetres  :  la  pression 
lue  n'est  done  qu'une  pression  moyenne.  D'autre  part,  en  cours  d'essais, 
les  niveaux  de  mercure  dans  les  manometres  multiples  pouvaient  facilement  os- 
ciller  d'un  centimetre  (phlnomene  sans  doute  du  &  la  turbulence)  x  la  precision 
des  mesures  des  pressions  sur  le  profil  est  de  l'crdre  de  plus  ou  moins  5  mm, 
de  mercure. 


Pression  dans  la  chambre  de  la  tuyere  :  Pour  les  hautes  pressions  (supl— 
rieures  b  I  Kc./cm2),  on  utilisa  un  manomHre  metallique  (5)  qui  n'avait  pas 
4 tl  reltalonnl  (ce  qui  est  sans  importance  pour  des  essais  comparatlfs) ,  et  on 
ne  peut  prltendre  a  une  precision  superieure  b  50  grammes  par  cm2,  ce  qui  de- 
vrait  correspondre  b  une  erreur  relative  inflrieure  b  5  %,  Pour  les  basses 
pressions  (inflrieures  au  Ki logramme/cm2.)  le  manom^tre  metallique  Itait  rem- 
placl  par  un  manom^tre  diff^rentie!  b  mercure  (italonnage  ci-joint),  mais  les 
erreurs  de  lecture  dues  b  la  parallaxe  faisaient  que  la  pression  Itait  obtenue 
b  plus  ou  moins  5  grammes,  ce  qui  assure  une  erreur  relative  toujours  infl- 
rieure  b  10  %, 


IV.  INTERPRETATION  POSSIBLE  DES  RESULTATS  x 

a)  Les  mesures  les  plus  sOres  realisles  sont  les  mesures  de  traction  et  de  debit 
primaire,  puis  viennent  les  mesures  de  temperature  qui,  tout  en  etant  sflres, 
restent  difficiles  b  interpreter  comme  nous  allons  le  voir.  Viennent  ensuite 
les  mesures  de  repartition  de  pression  sur  le  profil,  de  pression  dans  la 
chambre  de  la  tuyere;  enfin,  les  mesures  les  moins  precises  sont  cel les  du 
d4bit  total  et  de  l'induction. 
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d)  Accuracy  ef  the  — *>ur»wnti  cf  total  flog  < 

Tho  least  accurate  of  our  aoaturoAonts  wore  cortainly  those  of  the  total 
flow*  Ma  aaaaurad  tha  velocities  as  far  aa  possible  srith  the  Pitot  tube* 
and  when  buyond  the  Pitot's  range  of  readings*  srith  an  snasioweter.  The 
Pitot  was  used  for  velocities  starting  from  9  au/sec.*  but  cK>e  to  the 
very  cosiplex  distribution  of  velocities  at  the  exit  of  the  divergent  it 
is  possible  that  the  mean  velocity  obtained  (by  soundings  at  five  points* 
aa  already  stated)  is  perhaps  rather  far  froai  correct*  This  could  lead 
to  appreciable  errors  in  the  total  floor*  which  would  naturclly  have  re¬ 
percussions  on  the  induction  measured.  It  is  difficult  to  state  the  order 
of  magnitude  of  the  precision  obtained}  the  relative  error  it  no  doubt 
undor  10  %  for  tha  tests  on  the  nozzles  with  facets*  where  the  velocities 
treasured  were  high.  The  precision  probably  does  not  exceed  19  %  in  the 
measurements  made  on  the  other  nozzles.  As  a  result  the  absolute  value 
of  the  induction  rates  is  given  with  a  variation  of  the  significant  figure 
of  plus  or  minus  one  unit. 

It  should  be  noted  that  tha  plaatic  divergent  made  was  homothetic  for  one 
category  of  nozzles. 

e)  Accuracy  of  the  traction  measurements* 

The  presence  of  the  turning  joint  followed  by  a  durite  tube*  and  the  length 
of  the  arms  of  the  balance  gave  the  latter  a  sensitivity,  when  unloaded* 
of  20  grams,  but  in  the  course  of  the  tests  the  disymmetry  of  the  flow  gave 
rise  to  a  couple  acting  on  the  knife-edges  of  the  balance  and  reducing  its 
sensitivity,  so  that  we  cannot  assume  accuracy  to  within  less  than  0,05  Kgm. 

f)  Accuracy  of  the  pressure  measurements. 

Distribution  of  pressure  along  the  profile  i  The  diameter  of  the  sta¬ 
tic  pressure  connections  is  of  the  order  of  8/I0ths  of  a  millimeter.  Over 
such  a  short  distance  the  pressure  gradient  is  still  steep,  since  for 
nozzles  with  facets  the  length  of  a  facet  may  be  only  a  few  millimeters  s 
the  pressure  read  is  therefore  only  a  mean  pressure.  In  addition,  during 
tests,  the  mercury  level  in  the  multiple  gauges  sometimes  varied  by  as  much 
as  a  centimeter  (a  phenomenon  which  was  no  doubt  due  to  turbulence.)  The 
pressure  measurements  along  the  profile  are  therefore  accurate  to  within 
approximately  5  millimeters  of  mercury. 

Pressure  in  the  nozzle  chamber  i  For  high  pressures  (over  I  Kg./cirt2), 
we  used  a  metallic  (Bourdon  tube)  gauge  (5)  which  had  not  been  recalibra¬ 
ted  (which  does  not  matter  in  comparative  tests)  and  the  accuracy  of  the 
measurements  cannot  be  greater  than  to  the  nearest  50  grams  per  cm2., 
which  would  correspond  to  an  error  of  5  %.  For  low  pressures  (less  than 
I  Kg/cm2)  the  metallic  gauge  was  replaced  by  a  differential-pressure  mer¬ 
cury  gauge  (see  calibration  table),  but  owing  to  the  reading  errors  due  to 
parallax  the  pressure  noted  was  correct  to  within  5  grams,  which  means  that 
the  relative  error  was  still  below  10  %, 


IV.  POSSIBLE  INTERPRETATION  OF  RESULTS  t 

a)  Of  the  measurements  taken  the  most  reliable  are  those  of  the  traction  and 
primary  flow,  then  come  the  measurements  of  temperature  which,  though 
reliable,  are  difficult  to  interpret*  as  we  shall  see.  Next  come  the  mea¬ 
surements  of  pressure  distribution  along  t^e  profile,  of  the  pressure  in 
the  nozzle  chamber  and  finally  the  least  accurate*  namely,  those  of  the 
total  flow  and  the  induction. 


b)  U  principal*  source  d'erreurs  provlent  de  la  difficult*  qu«  now*  avo«a 
rue  *  etabllr  un  phlnoatne  permanent.  En  effet,  la  consoamatloft  an  air 
primalre  Itait  sou vent  suplrieu re  1  la  capacity  des  coapresseurs  at  11 
«'*n«ulvait  un#  chute  da  pression  aanslbla  (luaqu’4  3  ou  4  Kgs.)  dans  laa 
rlservolrs  extlrieurs.  La  coni*quanet  laddlata  Itait  una  chute  da  ter*- 
plrature,  una  variation  dans  la  dibit  prlaaira  at,  d'una  fagon  glnerala, 
una  variation  du  phlnomfcne.  Cast  ca  qui  a  conduit  h  faira  das  masuras 
aussi  instantanles  qua  possibla  das  templratures  dans  la  tuylra  at  1  la 
sortla  da  la  tuyfera,  cas  masuras  n'ltant  Intlrassantas  qua  dans  la  masura 
ou  on  las  compara  l'une  h  l'autra. 

c)  D'urie  fag on  glnerala,  on  s’est  afford  da  procldar  &  das  masuras  aussi 
inrtantanles  at  rapidas  qua  possibla  t  la  traction,  la  prassion  dans  la 
chambra  da  la  tuyere  at  la  dibit  prlmalra  Italant  masurls  h  pau  pr&s  au 
mime  instant. 

d)  La  rflla  das  conditions  atmosphlriquas  at  surtout  da  la  templrature  a»- 
biante  ast  determinant  sur  la  natura  das  rlaultats,  d'ou  la  nlcessitl 
da  mesures  groupies  dans  un  tamps  aussi  court  qua  possibla. 

a)  Las  ameliorations  futures  t 

Les  difflrentes  families  de  tuyeres  essayles  ont  permis  una  Itude  compa¬ 
rative  intlressante  qui  a  mis  en  Ividence  1'intlrEt  du  phenomena.  A  la 
suite  de  ces  travaux  d'approche  et  selon  les  profils  dlfinitivement  choi- 
sis,  une  Itude  future  nlcessiterait  des  moyens  plus  prlcis  et  une  ins¬ 
tallation  infiniment  plus  coOteuse. 

En  effet,  une  Itude  tr^s  poussle  des  phlnom&nes  nlcessiterait  des  essais 
durant  plus  de  deux  minutes  pour  que  l'on  soit  certain  d'atteindre  l'ltat 
de  rlgime.  Four  cela,  il  faudrait  une  reserve  d'air  (sous  7  &  8  Kgs.  da 
pression)  de  plus  d'une  tonne.  Les  vannas  de  r&glage  de  pression  devraient 
Itre  automatiques .  Le  banc  d' essais  nlcessiterait  une  gamine  plus  Itendue 
de  dlbim&tres;  les  manon&tres  devraient  8tre  du  type  &  couteau  miroir; 
les  manom^tres  multiples  devraient  §tre  rlalisls  avec  des  tubes  parfaite- 
ment  calibrls.  II  faudrait  aussi  faire  une  utilisation  systlmatique  de 
la  photo.  Un  autre  syst&me  de  mest-ure  das  tractions  devrait  aussi  Itre 
rlalisl  (piezollectrlque),  at  11  faudrait  pouvoir  mesurar  aussi  bien  la 
traction,  suivant  l'axe  de  la  tuyfere,  qua  las  couples  &  axe  vertical. 

Ceci  nlcessiterait  sans  douta  soit  da  montar  la  balance  pendulaire  sur 
un  plateau  tournant,  soit  da  ramplacar  la  balance  pendulaire  par  une  ba¬ 
lance  alrodynamique  h  cables  du  type  utllisl  pour  let  essais  de  maquette 
en  soufflerie,  etc  . 

V.  DEPOUILLEMENT  ET  PRESENTATION  DES  RESULTATS  i 

a)  Dibit  primaire  : 

Les  dlbim&tres  avaient  Itl  Italonnls  par  las  fabricanta;  las  mesuxes  nlces- 
sitaiant  das  corrections  da  prassion  at  da  templrature. 

b)  Templrature  t 

On  a  procldl  h  l'ltalonnage  des  thermo-couples  pour  la  sensibilitl  la 
plus  grande.  Les  essais  de  mesure  de  templrature  du  jet  inmldiatement 
&  la  sortie  de  la  fente  ont  Itl  faits*  ils  s'av&rent  extrfcmement  dllicats 


b)  Tm>  chief  source  of  errors  arises  from  the  difficulty  m  had  in  «elo- 
teinlrv?  pertinent  conditions  of  tha  phenoesenon  being  invcstigat ad.  In 
point  of  fact,  tha  consumption  ef  priaurv  air  oftan  exceeded  tha  capacity 
of  tha  compressors,  whicn  resulted  in  an  appreciable  fall  in  pressure 
(up  to  3  or  4  kg.)  in  tha  external  supply  tanks.  Tha  Immediate  consaquanca 
was  a  fall  in  temperature,  a  variation  ir.  tha  primary  flow  and  a  ganaral 
variation  of  tha  test  conditions.  This  nacassitatad  taking  measurement* 
as  instantaneously  as  possible  of  tha  temperatures  in  the  nozzle  and  at 
its  exit,  these  two  sets  of  measurements  being  of  interest  solely  in  their 
comparison  with  one  another. 

c)  In  general,  the  measurements  were  made  as  rapidly  and  instantaneously  as 
possible:  the  traction ,  the  pressure  in  the  nozzle  chamber,  and  the  primary 
flow  were  read  at  approximately  the  same  instant. 

d)  Atmospheric  conditions  and  especially  the  temperature  around  the  test 
bench  affect  the  results,  whence  the  necessity  for  grouping  the  measure-" 
ments  in  a  minimum  of  time. 

e)  Future  Improvements  : 

The  tests  on  different  categories  of  nozzles  allowed  us  to  make  an  inte¬ 
resting  comparative  study  illustrating  the  importance  of  the  phenomenon. 
Following  this  preliminary  work  and  depending  on  the  profiles  fir.a  iiy 
chosen,  a  future  study  would  demand  more  accurate  equipment  and  a  far 
more  costly  installation. 

A  thorough  study  of  the  phenomena  would  in  fact  require  tests  lasting 
more  than  two  minutes  in  order  to  be  sure  of  having  3  stable  flow  regime. 
This  would  require  an  air  reserve  (under  7  to  8  kg.  pressure)  of  more  than 
a  ton.  The  pressure-regulating  valves  should  be  automatic.  The  test 
bench  would  require  a  wider  range  of  flow  meters?  the  pressure  gauges 
should  be  of  the  knife-edge  mirror  type;  the  multiple  pressure-aauges 
should  be  fitted  with  perfectly  calibrated  tubes.  Systematic  use  should 
also  be  made  of  photography.  Another  measuring  system  (piezo-electric) 
would  be  adopted  for  the  traction,  and  it  should  be  possible’  to  measure 
the  couples  about  a  vertical  axis  as  well  as  the  traction  along  the  main 
axis  of  the  nozzle.  This  would  doubtless  require  mounting  the  swing  ba¬ 
lance  on  a  turntable,  or  replacing  it  by  a  force-measurement  balance  with 
cables  of  the  type  used  for  testing  models  in  wind-tunnels,  etc... 

V.  SORTING  AND  PRESENTATION  OF  RESULTS. 

a)  Primary  flow  t 

The  flow  meters  had  been  calibrated  by  the  makers;  the  measurements  ne¬ 
cessitated  corrections  for  pressure  and  temperature, 

b)  Temperature  : 

The  calibration  of  the  thermocouples  wa9  carried  out  for  maximum  sensi¬ 
tivity.  Measurements  of  the  temperature  of  the  .let  were  made  -right  at 
the  exit  of  the  slot;  they  proved  extremely  delicate  due  to  the  slight 


b  cause  64  le  fstble  /pilntur  du  Jet  >t  du  gradient  de  pression  4Uv4  qul 
fait  qua  la  soudure  du  thermo-couple  Iteit  plequle  contra  la  parol. 

c)  Vltana  > 

On  a  calculi  la  vltesse  noyanna  b  la  aortla  du  divarqant  an  pranant  la 
aoyenne  das  lacturas  du  Pitot  at  an  calculent  la  vitessa  par  la  Loi  da 
Bamoulll  <rn  pranant  pour  densltl  calla  corraspondant  b  la  temperature  i.n- 
diqule  par  las  thermo-couples}  da  Ih  on  passa  au  dibit  total  an  consarvant 
la  mime  densitl. 

II  a  4t4  procld 4  &  l'ltalormage  du  coupla  dO  au  vrillaga  d»  la  durlta  misa 
sous  prassicr..  En  outre,  11  a  Itl  procldl  b  das  assais  comparatifs  sys- 
tlmatlques  de  traction  pour  dlceler  le  rflle  du  divargent  an  plastiqua;  pour 
cala,  on  procldait,  dans  des  conditions  identiquas  da  pressions  at  d'ou- 
varturas,  1  das  mesures  de  traction  pour  la  tuyere  munie  du  divergent  plas- 
tique  et  sans  le  divergent  plastique. 

a)  Press ion  sur  le  profil  : 

Las  masures  en  millimetres  de  rarcure  ont  Itl  traduites  en  millimetres  d' 
eau  et  reportles  en  ordonnles  sur  des  courbas  ou  l'abscisse  est  Igale  fc 
l'abscisse  curviligne  le  long  du  profil  comptle  b  partir  de  la  premiere 
prise  de  pression  (courbe  en  developple). 

f)  A  titre  irdicatif,  notons  qu'il  a  Itl  procldl  b  plus  de  650. essais;  chaque 
essai  comporte  en  moyenne  30  mesures,  soit  au  total  19.500  mesures,  et  le 
dlpoui 1 lenient  d'un  seul  essai  compor  a  3b  operations  (corrections,  moyen- 
nes,  traduction  en  unitls  cohlrentes,  etc....),  soit  au  total  22.750opl- 
rations. 

Les  essais  proprement  dits  ont  necessitl  en  permanence  la  presence  de  six 
personnes. 

La  mise  au  point  du  banc  d'essais  (apr&s  montage)  a  der.andl  pr£s  de  quinze 
Jours. 

Les  depouillements  ont  demandl  plus  d'un  moi$  de  travail,  &  cinq  personnes. 

g)  Presentation  des  rlsultats  i 

Pour  chaque  tuyere  essayle  on  trouvera  successivement  s 

-  un  profil  de  l&vre  fixe  avec  principales  dimensions  de  la  tuyere  et 
tableau  de  correspondences  des  ouvertures  au  pas  et  ouvertures  rlelles. 

-  un  tableau  des  mesures  (sauf  pression  le  long  des  profils  et  essais 
comparotif3  de  traction). 

-  la  courbe  du  dibit  primaire  en  fonction  do  la  pression  dans  la  chambre 
de  la  tuyere  (l  iso-ouvertures  au  pas). 

-  les  courbes  de  dibit  total  en  fonction  de  la  pression  dans  la  chambre 
de  la  tuyere  (&  iso-cuvertures  au  pas). 
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thickness  of  the  Jot  end  the  stoop  prossuro  gradient  which  neant  thot  tho 
Junction  of  tho  thermocouple  was  constantly  being  forcod  against  tho  slot 
wall  by  tho  suction* 

c)  Volocltv  I 

Tho  man  voloclty  at  tho  exit  of  the  divorgont  was  calculated  by  taking  tho 
moan  of  tho  Pitot  roadings  ami  calculating  the  velocity  according  to  Ber- 
noulli's  law*  while  taking  as  density  that  corresponding  to  tho  temperature 
shown  by  the  thermocouples}  whence  tho  total  flow  is  obtained  retaining  the 
same  density* 

d)  IdSlifih  J 

The  couple  resulting  from  the  twisting  of  the  durite  tube  under  pressure 
was  duly  calibrated.  Further  systematic  comparative  tests  of  the  traction 
were  carried  out  to  discover  the  effect  of  the  plastic  divergent.  For  this 
purpose  measurements  were  taken,  under  identical  condit!?"*?  of  pressure  and 
opening,  of  the  traction  of  the  nozzle  with  and  without  the  plastic  divergent. 

e)  Pressure  on  the  oxoflle  I 

The  measurements  in  millimeters  of  mercury  were  translated  into  millimiters 
of  water  and  are  shown  as  ordinates  of  the  curves  where  the  abscissae  re¬ 
present  the  curvilinear  distances  along  the  profile  taken  from  the  first 
pressure  recording  on  the  developed  curve. 

f)  As  an  indication  of  the  work  performed,  it  may  be  noted  that  over  650 
tests  were  made,  each  involving  an  average  of  30  measurements,  or  a  total 
19,500  measurements,  and  the  sorting  out,  plotting  and  tabulation  of  the 
results  of  a  single  test  includes  35  operations  (corrections,  averages, 
conversions  into  coherent  units,  etc,,,)  which  makes  a  total  of  22,750 
operations. 

The  actual  tests  necessitated  the  continuous  presence  of  six  people. 

The  preparation  of  the  test  bench  (after  erection)  took  nearly  two  weeks. 

The  sorting,  tabulation  and  plotting  of  results  required  the  work  of  5 
persons  for  over  one  month, 

g)  Presentation  of  results  t 

For  each  nozzle  tested  we  have  j 

% 

-  a  profile  of  the  fixed  lip  with  principal  dimensions  of  the  nozzle 
and  a  table  showing  the  relations  of  opening  by  pitch  to  real  opening. 

-  a  table  of  measurements  (except  in  the  case  of  pressure  along  the 
profiles  and  comparative  traction  tests). 

-  the  primary  flow  curve  as  function  of  the  pressure  in  the  nozzle 
chamber  (at  equal  openirgs  by  pitch). 

-  the  total  flow  curves  as  function  of  the  pressure  in  the  nozzle  cham¬ 
ber  (at  equal  openings  by  pitch^ 
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-  ie$  court*!  d'.rtducticn,  en  fonction  d#  la  pression  dang  la  chawtor* 
de  la  tuybre  (b  iso-ouvertures  au  pas). 

-  )•«  courbes  de  traction  en  fonction  du  dbbit  primaire  &  i*o-©uvertur*s 
pa*  et  iso-oression  dans  la  chair±>re  de  la  tuyere. 

-  une  s^rie  de  courbes  donnant  la  repartition  des  pressions  sur  les  pro¬ 
fils  &  i so-pression  *dans  la  chambre  de  la  tuyere  (autant  de  tableaux 
de  courbes  que  d'ouvertures  essay^e*). 

Tous  les  fesultats  dcnr.es  sent  dec  rdsultats  net?,  *auf  pour  les 
pressions  dans  la  chambre  de  la  tuybre  inf^rieures  b  I  Kg./cm2.t  pour  les- 
quelles  il  faut  tenir  compte  des  courbes  d'4talonnage. 

Les  commentaires  de  ces  differents  essais  seront  pr<*aent£s  h  la  suite 
do  1' ensemble  des  courbes. 


Fig.  I. 
Fic.  II. 
Fig.  III. 
Fig.  IV. 

Fig.  V. 

Fig.  VI. 
Fig.  VII. 
Fic. VIII. 
Fig.  IX. 


Schema  du  banc  d’essais. 

Vue  d'ensemble  du  banc  d'essais. 

Le  reservoir  tampon  et  les  d^bimbtres. 

Detail  des  debimbtres  et  des  appareils  donnant  les  conditions 
atmospheriques . 

Les  manometres  multiples  b  mercure. 

Detail  de  la  balance  (Joint  tournant,  durite  et  couteaux, 
etc  . . • ) 

Le  rnicro-ampbreretre  et  les  bouteilles  Thermos. 

La  balance.  Detail  du  dispositif  b  chalne. 

Tuyere  "302”  en  essais. 

Etalonnage  du  manombtre  di f ferentiel  b  mercure. 


-  the  induction  curvti  «t  function  of  the  pmtur*  in  the  nozzle  rfun. 
bor  (at  oqual  openings  by  pitch). 

-  the  traction  curves  as  function  of  tho  primary  flow  at  equal  openings 
by  pitch  and  equal  pressure  in  the  nozzle  chamber. 

-  a  series  of  curves  giving  the  pressure  distribution  along  the  profiles 
at  equal  pressure  in  the  nozzle  chamber  (as  many  curve  sheets  as  ope¬ 
nings  tested). 


All  results  given  in  this  report  are  net-resuits,  except  for  pressures 
in  the  nozzle  chambers  below  I  kg«/cm2.,  where  reference  must  be  made  to 
the  calibration  curves. 

The  comments  on  these  different  tests  follow  all  the  curves. 


Fig. 

I 

Fig. 

II 

Fig. 

III 

Fig. 

IV 

Fig. 

V 

Fig. 

VI 

Fig. 

VII 

Fig. 

VIII 

Fig, 

IX 

Diagram  of  test  bench. 

General  view  of  test  bench. 

Buffer  tank  and  flow  meters. 

Flow  meters  and  apparatus  for  indicating  atmospheric 
conditions. 

Set  of  mercury  differential  pressure  gauges. 

Balance,  showing  turning  joint,  durite  tube,  knife-edges, 
etc  ... 

Micro-ammeter  and  thermos-flask. 

Balance,  showing  chain  device. 

”302"  nozzle  being  tested. 

Calibration  table  of  mercury'  differential  pressure  gauge. 


SCHEMA  CL  ftANC  D'ESSAZS 


I*  Tub*  0  intdrl eur  •  90  am. 

2,  Prise  d«  Mi  no. 

3*  Tub#  coll#ctour  0  100  am. 

4*  Joint  toumant. 

9.  Mine  (pression  dona  la  chaabr#  da 
la  TViytre). 

6,  Balanco  pour  oaaaia  Tuylres. 

7.  Thermomltre  dana  la  Tuytre. 

B.  Tuyfrre  k  essayer. 

9.  Thermo-couples . 

10*  Manoaltre  A  tubaa  aailtiplaa  pour 
aau  at  smrcure. 

11.  GyromAtre  differential  •Houdee*. 

12.  Tiifca  0  intdr’aur  -  90  m. 

13.  TheneoaAtres. 

14.  Mblmltre  "Bari* 

15.  Reservoir,  Capacity  2*3.  anviron. 

16.  ManomAtre  da  04  7  Kg./cm2,  a  vac 
roblnat  d'lsolement, cadran  190  aa. 

17.  Yannaa  I  grand#  volants 
(Rdglaga  prasaion). 

18.  Rat it  reservoir. 

19.  Grand  reservoir. 

20.  Biti  support. 
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DIAGRAM  OF  THE  TEST  BENCH 


1.  Tuba,  internal  0  90  aaa. 

2.  Pressure  gauge  orifice. 

3.  Manifold  0  100  aa. 

4.  Turning  Joint. 

9.  Pressure  gauge  (pressure  in 

nozzle  chamber). 

6.  Balance  for  nozzle  testa. 

7.  Thermometer  inside  nozzle. 

8.  Nozzle  being  tested. 

9.  Thermocouples • 

10.  toilti pie-tube  pressure  gauge  for 
water  and  mercury. 

11.  "Houdec”  differential  gyrometer. 

12.  Tube,  Internal  0  90  hr. 

13.  Thermometers. 

14.  "Bari"  airflow  meter. 

19.  Reservoir,  approx.  2  m3  capacity. 

16.  Pressure  gauge  for  0  to  7  Kg./cm2 
with  stop  cock.  Dial  0  190  nan. 

17.  Shutter  controls 
(pressure  regulation). 

18.  Small  reservoir. 

19.  Large  reservoir. 

20.  Supporting  framework. 


SrCR/  -  COA  MDA 


tT&A#  4  intiritur  *  50mm 

z  Pris*  dm  tf*no _ _ 

A  Tub*  colfocttur  ^tpO9** 
iJefat  lournsnt 

5 tliftO  f d$0*  i*  tktmkr*  Is  Tuyir<) 

c/Ufai»c#  pour  »j»4/j  tugirm* 


SCUTAfA  DU  BA  AyC  D  jCxSSA/3 

KXttsnomiir*  i  kuk*%  m  ultiphi  pour  **v  #/  m%rc vr*  ts.  fir  itrr&r-  C*p*citt  2m\nvjrcn 
tt.Gyrometre  differential  'fiOUPEC * 

12. Tub*  ^  i*t*r**ur  ■  SO  9999 
tsThermomi.  ires _ i  f$\ 


© 


Pression  lue 

Pression  r<5elle 

Pressure  read 

Real  pressure 

I 

1,030 

0,9 

0,925 

0,6 

0,317 

0,7 

0,713 

0,6 

0,615 

0,6 

0,512 

0,4 

0,411 

0,3 

0,309 

0,2 

0,205 

o,i 

0, 105 
•  w 

rnnrti  tions  de  l'etalonnaqe  : 


Pression  barom<5trique  ....  763  mm.  de 

mercure 

Hunidit4  relative  .  48  % 

Temperature  ambiante  .  16°  C 


Calibration  condi tians.  * 

Barometric  pressure  .  763  mm.  of 

mercury 

Relative  humidity  .  48  * 

Ambient  temperature  .  16*  C 

# 


RESULTA 

T  S 

RESULTS 

Femllle  de  tuykres 

facettes  » 

homotl.etiquas  k 

I.  Category  of  homothetic  nozzles 

with  facets  * 

Tuykre  .... 

12 

Nozzle  .... 

12 

""  .... 

160 

»"  .... 

160 

ff  19 

a  a  e  e 

22 

""  .... 

22 

Famille  de  tuyeres 
profil  arronc'-  i 

homoth^tiques  & 

II.  Category  of  homothetic  nozzles 

with  rounded  profile  t 

Tuyere  .... 

102  bis 

Nozzle  .... 

102  b 

""  .... 

162 

"*  .... 

162 

"»  .... 

202 

""  .... 

202 

e  •  •  e 

302  bis 

.... 

302  b 

III.  F ami  lie  de  tuyere  s  homoth^tiques  ^ 
prof  1  arrondi  t 

Tuyere  ....  104 

164 

""  204 

304 

IV.  F ami lie  de  tuyeres  semblables  & 
profil  arrondi  : 

Tuyere  . ...  102 

(commune  & 

••••  (la  deuxi&me 
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COMVENTAIRES  - 


I.  REMA ROUES  GENERALES. 

Courbes  de  d^bit  primal re; 

Le  d£bit  primaire  augmente  r^guli^rement  avec  la  pressioa  et  l'ouver¬ 
ture,  ce  qui  est  normal. 

Dans  la  plupart  des  cas,  1 'extrapolation  de  ces  courbes  au  voisinage 
de  l'origine,  c'est  b  dire  pour  une  pression  nulle,  ne  donne  pas  un  debit 
primaire  nul,  mais  il  faut  remarquer,  et  on  le  voit  nettement  sur  les  cour- 
bes  b  profil  arrondi  (Tuyeres  "164"  ou  ”264"  par  exemple),  que  les  courbes 
de  d^bit  ont  une  pente  qui  varie  tr£s  vite  aux  basses  pressions  (pressions 
inf^risures  b  I  Kgm.  par  cm2).  Ces  courbes  ne  sont  done  pas  extrapola- 
bles  b  l'origine. 

Notons  qu'il  peut  se  produire  des  anomalies,  comme  c'est  le  cas  pour 
la  tuyere  " 104"  ou  la  courbe  de  debit  correspondant  a  l'ouverture  au  pas 
de  9  im.  est  situ^e  en-dessous  de  la  courbe  de  d^bit  correspondant  b  l'ou¬ 
verture  au  pas  de  6  mm.  Cela  est  dfl  au  fait  qu'en  devissant  le  chapeau 
il  apparait  dans  la  chambre  de  la  tuyere  un  goulot  d'^tranglement  dont  la 
section  peut  Stre  inf^rieure  a  la  section  de  la  fente  de  sortie. 

Courbes  de  d^bit  total  : 

Ici  encore,  le  d«?bit  augmente  r^gulikrement  avec  l'ouverture  et  la 
pression,  du  moins  entre  certaines  limites. 

La  tuyere  "102  Bis"  est  b  ce  point  de  vue  tres  caracteristique..  Les 
courbes  se  placent  r4gulierement,  sauf  celles  correspondant  aux  ouvertures 
au  pas  de  3  mm.  et  y  mm.  La  courbe  d ' ouvorture  au  pas  de  3  mm,  presente 
une  asymptote  horizontale  tr£s  nette  atteinte  pour  une  pression  de 
0,6  Kg./cm2.  La  tuv^re  est  alors  saturee,  c’est  a  dire  qu'en  d£pit  d’une 
augmentation  continue  du  d^bit  primaire,  le  debit  total  ne  varie  plus, 
done  la  quantity  d'air  aspir^  diminue.  On  congoit  que  la  tuyere  perde 
alors  de  sen  interSt.  La  courbe  d'ouverture  au  pas  de  9  mm.  est  plus  dif¬ 
ficile  b  interpreter.  On  voit  qu'elle  se  situe  en-dessous  de  la  courbe 
d'ouverture  au  pas  de  7  mm.  La  precision  des  mesures  faites  ne  permet 
pas  de  ccnclurt  :  en  effet,  quand  l'ouverture  augmente  les  courbes  de  de¬ 
bit  total  forment  un  r4seau  de  plus  en  plus  serr4,  ce  qui  est  normal  puis- 
que  le  col  de  la  tuyere  reste  fixe  alors  que  l'ouverture  et  la  pression 
peuvent  augmenter.  La  mise  en  place  des  courbes  de  debit  total  aix  gran- 
des  ouvertures  devient  done  de  plus  en  plus  delicate. 

Remarquons  que,  contrairement  aux  couibes  de  debit  total,  loc  ccur- 
bes  de  d4hit  primaire  ne  prdsenteront  pas  d'asymptotes  horizontales .  En 
effet,  alors  que  pour  le  debit  total  le  col  de  la  tuybre  represente  un 
goulot  d'^tranglement,  pour  le  debit  primaire  cet  obstacle  ne  compte  pas 
puisque  la  tuyere  a  toujours  la  possibility  de  refouler  de  l'air  par  1' 
avant  (ce  qui  ne  s'est  d'ailleurs  jamais,  pro du it  en  cours  d'essais). 


\ 


'  f 


S 


» 


COMMENTS 


I.  GENERAL  REMARKS. 

Primary  flow  curves  > 

The  primary  flow  Increase*  regularly  with  the  pressure  and  the  ope¬ 
ning,  which  is  normal. 

In  most  cases,  the  extrapolation  of  these  curves  in  the  neighborhood 
of  the  origin,  i.e.  for  zero  pressure,  does  not  give  a  primary  flow  of 
zero,  but  it  should  be  noted  that  -  as  may  be  clearly  seen  on  the  curves 
for  the  rounded  profiles  (e,g.  nozzles  "164"  or  "264")  -  that  the  gradient 
of  the  flow  curves  varies  very  rapidly  at  low  pressure  (below  I  Kg./cm2). 
These  curves  can  therefore  not  be  extrapolated  at  the  origin. 


It  may  be  noted  that  anomalies  may  occur,  as  in  the  case  of  nozzle 
"104"  whose  flow  curve  corresponding  to  an  opening  by  pitch  of  9  mm. 
lies  below  the  corresponding  flow  curve  for  an  opening  of  6  mm.  This 
is  due  to  the  fact  that  when  the  cap  of  the  nozzle  is  unscrewed,  a  cons¬ 
triction  occurs  in  the  chamber,  which  may  be  smaller  In  section  that  the 
exit  slot. 

Total  flow  curves  : 

Here  agai  i  the  outflow  increases  regularly  with  opening  and  pressure, 
at  least  within  certain  limits. 

Nozzle  rI02b"  is  very  characteristic  as  regards  this  point  of  view. 
The  curves  are  at  regular  intervals,  except  for  those  corresponding  to 
openings  by  pitch  of  3  mm.  and  9  mm.  The  curve  for  an  opening  by  pitch 
of  3  mm,  presents  a  very  clear  horizontal  asymptote  when  the  pressure 
has  reached  0.6  Kg./cm2.  The  nozzle  has  then  reached  saturation  point, 
that  is  to  say  that  in  spite  of  a  continuous  increase  of  primary  flow, 
the  total  flow  shows  no  further  change;  hence  the  amount  of  air  induced 
decreases.  The  nozzle  would  therefore  no  longer  appear  to  be  of  interest. 
The  curve  for  an  opening  by  pitch  of  9  mm.  is  more  difficult  to  interpret. 
We  see  that  is  lies  below  the  curve  for  a  7  mm.  opening.  The  accuracy 
of  the  measurements  made  is  not  sufficient  to  allow  of  definite  conclu¬ 
sions  *  in  fact,  as  the  opening  increases  the  total  flow  curves  fall  clo¬ 
ser  and  closer  together,  which  is  normal  since  the  throat  of  the  nozzle 
remains  fixed  while  the  opening  and  the  pressure  can  be  increased.  The 
plotting  of  total  flow  curves  at  very  wide  openings  therefore  become  a 
more  and  more  delicate  operation. 

*  ’  .  *  .  »  • 

It  should  be  noted  that,  in  contrast  with  the  total  flow  curves,  the 
primary  flow  curves  do  not  present  horizontal  asymptotes.  Actually, 
whereas  for  t.he  total  flow  the  throat  of  the  nozzle  represents  a  constric¬ 
tion,  for  the  primary  flow  this  obstacle  does  not  count  since  it  would 
always  be  possible  for  the  nozzle  to  re-eject  the  air  forwards  (which, 
incidentally,  has  never  oceured  during  tests). 
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^urb«$  d* Induction  t 

Les  courbes  d'induction  sont  les  meins  Haull^res.  En  effet,  dins  le 
calcul  dc  1' Induction  se  r^percutent  les  erreurs  de  ~esur**  du  d^blt  pri- 
maire  et  surtout  du  d^bit  total. 

On  constate  n^anmoins  que  les  courbes  se  situent  bien  les  unes  au- 
dessus  des  autres  quand  l'ouverture  diminue,  ce  qui  montre  bien  1 'influence 
du  gradient  de  pression  dans  le  Jet  sur  le  ph<?non^ne  d'aspiration  d'air  : 
le  gradient  de  pression  depend  en  effet  directement  de  l'epaisseur  du  jet, 
c'est  S  dire  en  definitive  de  l'ouverture  de  la  fente. 

Pour  les  tuyeres  &  profil  arrondi,  on  constate  que  1 'induction  varie 
en  general  relativement  peu  avec  la  pression,  sauf  peut-etre  pour  la 
tuyere  "102  Bis"  et  celles  du  type  "300"  pour  une  ou  deux  ouvertures. 

Pour  les  tuyeres  ^  facettes  "12,  "160"  et  "22",  les  courbes  d'induc¬ 
tion  ont  une  allure  g^n^rale  plus  marquee,  On  note  une  d^croissanee  gene- 
rale  de  1' induction  avec  la  pression,  ce  qui  semble  au  premier  abord  en 
contradiction  avec  la  theorie  de  la  turbulence,  qui  veut  que  le  mouvenent 
secondaire  du  fluide  aspir£  soit  d'autant  plus  intense  que  le  gradient  de 
pression  dans  le  jet,  done  la  pression  dans  la  chambre  de  la  tuyere,  est 
plus  41eve.  C'est  bien  ce  que  confirment  les  courbes  de  d^bit  total,  la 
d^croissance  de  1' induction  prouvant  simplement  que  le  d^bit  primaire  aun- 
mente  plus  vite  que  le  d^bit  total  quand  la  pression  augnente,  cs  qui  peut 
£tre  dQ  h  la  fois  au  regime  de  la  turbulence  et  h  la  saturation  de  la 
tuyere. 

Une  etude  experimental  plus  precise  permettrait  sans  doute  de  deter¬ 
miner  pour  chaque  tuybre  et  pour  chaque  ouverture  un  maximum  de  la  courbe 
d'induction. 

Courbes  de  traction  : 

seurbss  en  traits  plsins  sent  dos  courbes  do  traction  pour  une 
ouverture  au  pas  constante.  Ces  courbes  peuvent  Stre  considerees  comme 
des  r^sultats  qualitatifs  sQrs.  les  courbes  en  traits  pointilles  sont  des 
courbes  de  traction  pour  une  pression  constante  dans  la  chambre  de  la 
tuyere. 

Toutes  ces  courbes  se  placent  r^guli^rement,  la  traction  augmentant 
en  fonction  du  d^bit,  de  la  pression  et  de  l'ouverture  (le  debit  dependant 
nature llement  de  la  pression  et  de  l'ouverture). 

On  constate  sur  les  tuyeres  ^  facettes  "12",  "160"  et  "22",  que  le 
r4seau  des  courbes  de  traction  h  isopress-'  se  ret  ’■rent  sensiblement 
quand  la  pression  devient  superieure  &  2  ,gs./cm2.,  c  qui  semble  indiquer 
un  changement  de  regime  quand  la  vitessc  &  la  sortie  di  la  fente  devient 
supersonique,  le  gain  de  traction  devena  t  de  plus  en  r  us  faible  en  fonc¬ 
tion  de  la  pression. 

Des  essais  comparatifs  de  traction  ont  et--  .-its  pour  voir  le  role  du 
divergent  en  mati^re  plastique  mis  h  la  suite  du  divergent  nornal  de  la 
tuyere,  Sauf  une  exception  (tuylre  "162")  sur  laquelle  nous  reviendrons, 


Induction  curves  i 

The  induction  curves  ere  the  least  regular.  Error  cade  in  the 
measurements  of  primary  and  especially  total  flow  affect  the  calculations 
of  induction. 

Nevertheless  we  note  that  the  curves  fall  clearly  one  above  the  other 
as  the  opening  is  decreased,  which  plainly  shows  the  Influence  of  the 
pressure  gradient  in  the  jet  on  the  phenomenon  of  air  induction  t  the 
pressure  gradient  actually  depends  directly  on  the  thickness  of  the  Jet, 
and  thus  finally  on  the  slot  opening. 

For  the  nozzles  with  rounded  profiles  we  note  that  in  general  the 
induction  varies  relatively  little  with  pressure,  except  perhaps  for 
nozzle  "I02b"  and  the  "300"  type  nozzle  for  one  or  two  openings. 

For  the  nozzles  with  facets  ("12",  "160"  and  "22"),  the  general  aspect 
of  the  induction  curves  is  better  defined.  We  note  a  general  decrease  of 
induction  with  pressure,  which  at  first  sight  would  appear  to  be  in  con¬ 
tradiction  with  the  theory  cf  turbulence,  which  requires  that  the  secon¬ 
dary  flow  of  induced  air  shall  increase  with  the  pressure  gradient  in  the 
jet,  and  thus  with  the  pressure  in  the  nozzle  chamber.  This  is  in  fact 
confirmed  by  the  total  flow  curves 3  the  decrease  of  induction  merely 
proves  that  the  primary  flow  increases  more  rapidly  than  the  total  flow 
when  the  pressure  is  increased,  which  may  be  due  both  to  turbulence  and 
to  the  saturation  of  the  nozzle. 

In  a  more  detailed  experimental  study  it  would  doubtless  be  possible 
to  establish  where  the  induction  curve  for  each  nozzle  and  each  opening 
reaches  its  maximum. 

Traction  curves  t 

The  full  lines  are  the  traction  curves  for  equal  opening  by  pitch. 
These  curves  may  be  considered  as  definite  qualitative  results.  The 
broken  lines  are  the  traction  curves  for  equal  pressure  in  the  nozzle 
chamber. 

All  these  curves  fall  at  regular  intervals,  the  traction  increasing 
as  a  function  of  flow,  pressure  and  openong  (the  flow  naturally  depending 
of  the  pressure  and  opening). 

We  note  that  for  the  nozzles  with  facets,  "12,  "160"  and  "22",  the 
traction  curves  at  equal,  pressures  fall  appreciably  closer  together  when 
the  pressure  becomes  greater  than  2  Kg./cm2.,  which  would  appear  to  in¬ 
dicate  a  change  of  regime  when  the  velocity  at  the  exit  of  the  slot  be¬ 
comes  supersonic,  the  gain  in  traction  becoming  less  and  less  as  a  func¬ 
tion  of  pressure. 

Comparative  tests  of  the  traction  were  made  in  order  to  discover 
the  effect  of  the  plastic  divergent  which  had  been  placed  after  the  ordi¬ 
nary  divergent  of  the  nozzle.  With  one  exception  (nozzle  "162"),  to 
which  we  shall  refer  later,  the  tests  showed  that  the  removal  of  the 
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les  essais  o  it  rontr^  que  is  suopression  du  dlveroent  en  r-iti*»re  plastique 
aurmedai  t  toujours  la  traction  obtenue  pour  uri  d^Oit  pri-aire,  et 

ceci  dans  des  proportions  souvent  i'-portantes,  puisqu*  le  qain  de  tract  on 
«e  situait  souvent  entre  0,5  et  I  No.,  voire  r£~e  plus.  Four  la  tuyere 
"162"  par  contra,  on  avait  une  diminution  de  traction  ne  d^passarst  pas 
500  grammes  en  suporimant  le  divergent  en  plastique. 

oeci  “ontre  i ndi scutablenent  que  les  resultats  obtenus  sont  des  re- 
auitats  par  d^'faut  (sauf  oeut-etre  pour  la  tuyere  ”162"). 

Les  resultats  n'en  demeurent  pas  moins  extrfcmement  int4ressants,  cornme 
le  rontre  le  araphique  ci-joint.  Nous  avons  trace  sur  une  me  me  feuille  la 
courbe  donnant  le  rapport  traction  sur  d^bit  primaire  en  fonction  de  la 
pression  d'arrlt  pour  un  jet  donnant  une  reaction  directe,  et  le  rapport 
obtenu  experiments lement  pour  cei  tains  essais  sur  des  tuyeres  ''22",  "164” 
et  "202".  On  voit  que  les  result,  ts  experimentaux  se  situent  largement 
au-dessus  des  resultats  thooriques.  II  faut  encore  renarquer  que  la  cour¬ 
be  theorique  a  4t6  trac^e  pour  une  temperature  d 'arret  de  290°  Kelvin,  c* 
est  h  dire  17°  C.f  alors  que  les  resultats  experimentaux  ont  ete  obtenus 
avec  une  temperature  dans  la  chambre  de  la  tuyere  de  20°  C.  pour  la  tuybre 
"22",  de  15°  C.  seulenent  pour  la  tuyere  "164",  et  de  10°  C.  seulenent 
pour  la  tuyere  "302". 

Ces  resultats  deja  tr^s  eloquents  sont  done  encore  des  resultats  par 
defaut,  puisque  le  rapport  traction  sur  debit  diminue  quand  la  temperature 
d' arret  diminue,  comme  on  le  verifie  sur  les  tableaux  prdeedemnent  cites 
dans  re  rapport. 


II.  REMARQUE  SUR  LE  RAPPORT  ENTRE  LE  DEBIT  TOTAL  ET  LA  TR ACTION. 

On  remarque  au'en  general  le  produit  da  la  vitesse  de  sortie  par  le 
debit  total  est  plus  41eve  que  la  traction.  La  precision  des  mesures  dj 
d£bit  total  ne  permet  pas  de  conclure  d'une  fagon  sure.  II  faut  remarquer 
que  theoriquement  la  traution  est  *gale  au  flux  sortant  de  quantite  de 
rr.ouvement  dirigee  suivant  l'axe  de  la  tuyere,  e'est  a  dire  le  flux  sortant 
d  diverqent  moins  le  flux  entrant  dans  le  converaent  ^air  aspire),  En 
fait,  ce  dernier  donnera  une  conposante  tres  faible  suivant  l'axe  de  la 
tuyere,  parce  que  l'air  asoire  a  une  vitesse  oblique  par  rapport  a  l'axe 
de  la  tuyere,  l'effet  d'aspiration  se  faisant  sentir  assez  loin  de  celui-ci. 

D'autre  part,  la  disymetrie  de  1'ecoulement  fait  que  le  debit  total 
ne  donne  pas  uniquement  une  quantite  de  mouvement  dirigee  suivant  l'axe 
de  la  tuyere,  nais  aussi  suivant  des  perpendiculaires  a  cet  axe,  donnant 
air.si  naissance  a  des  couples  diff idles  a  ^valuer. 

III.  RElv'ARQUh  3UR  LE  ROLE  DEo  CONDI" IONS  AT.VQSPHERlqUES. 

Ce  role  est  preponderant,  surtout  du  point  de  vue  temperature.  On 
p°ut  le  constater  sur  la  tuyere  "22"  oj  une  serie  d'essais  a  1'ouverture 
au  pas  de  0,3  nr.  a  et'5  faite  deux  fois  dans  des  conditions  tres  differen- 
tes.  Le  d^calage  des  courbes  correspondantes  est  tr^s  net. 
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plastic  divergent  always  increased  the  traction  obtained,  for  equal  pri¬ 
mary  flow,  and  often  very  considerably  since  the  traction  gained  was 
often  from  0.5  to  I  Kg.  and  sometimes  more.  For  nozzle  "162",  on  tie 
otfi^r  hand, the  renoval  of  the  clastic  divergent  caused  a  reduction  in 
traction  nf  not  more  than  500  gra~s. 

This  shows  definetely  that  the  absolute  values  obtained  were  toe  low 
(except  perhaps  for  nozzle  "162"). 

However,  the  results  are  none  the  less  irteresting,  as  will  be  seen 
from  the  accompanying  graph.  On  the  same  sheet,  we  have  plotted  the 
curve  givinq  the  ratio  of  traction  to  primary  flow  as  a  function  of  sta¬ 
gnation  pressure  for  a  jet  producing  a  direct  reaction,  and  the  ratio 
obtained  experimentally  in  certain  tests  on  nozzles,  "22",  "164"  and  "302". 
We  see  that  the  experimental  results  lie  far  above  the  theoretical  results. 
It  should  also  be  mentioned  that  the  theoretical  curve  was  plotted  fer  a 
stagnation  temperature  of  280°  Kelvin,  i.e.  17°  C.,  whereas  the  experi¬ 
mental  results  wpre  obtained  with  a  temperature  in  the  nozzle  chamber  of 
20°  C,  for  nozzle  "22",  only  15°  C.  for  nozzle  "164",  and  only  10°  C.  for 
nozzle  "3C2" . 

These  absolute  values  of  these  results,  which  are  already  most  inte¬ 
resting,  are  thus,  however,  again  too  low,  since  the  traction-flow  ratio 
decreases  when  the  stannation  temperature  falls,  as  is  confirmed  by  the 
tables  mentioned  previously  in  this  report.  # 


II.  REMARKS  CONCERNING  THE  RATIO  OF  TOTAL  FLOW  TO  TRACTION. 

We  note  in  general  that  the  product  of  the  exit  velocity  and  the 
total  flow  is  higher  than  the  traction.  The  accuracy  of  the  total  flew 
measurements  is  not  sufficient  to  allow  definite  conclusions.  It  should 
be  noted  that  theoretically  the  traction  is  equal  to  the  emerging  momen¬ 
tum  flux  in  the  direction  of  the  axis  of  the  nozzle,  that  is  to  say  the 
flux  emerging  from  the  divergent  minus  the  flux  entering  the  convergent 
(induced  air).  In  actual  fact,  the  component  derived  from  the  letter 
will  be  very  small  along  the  axis  of  the  nozzle,  because  tne  velocity  of 
the  induced  air  is  oblique  in  relation  to  the  nozzle  axis  owing  to  the 
fact  that  the  suction  effect  is  perceptible  quite  far  from  this  axis. 

In  addition,  owing  to  the  disymnetry  of  the  flow  the  total  flow 
produces  a  momentum  which  is  not  solely  directed  a  Iona  the  axis  of  the 
nozzle  but  also  perpendicular  to  this  axis,  thus  giving  rise  to  torques 
which  are  difficult  to  evaluate. 


Ill,  REMARKS  CONCERNING  THE  EFFECT  OF  ATMOSPHERIC  CONDITIONS. 

Atmospheric  conditions,  and  particularly  temperature,  are  of  areat 
importance.  This  can  be  seen  on  nozzle  "22",  with  which  a  series  of 
tests,  at  an  opening  by  Ditch  of  0.3  mm.,  were  made  tvji.ee  in  very  diffe¬ 
rent  conditions.  The  changed  position  of  the  corresponding  curves  is 
very  definite. 
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f£R£  g  TYPE 


Cette  tuyere  a  fait  l'objet  d'essais  da-c  les  laboratoires  das  Oslne* 
CHAUSSON  fc  Asni^res  (Seine,  France).  Oh  trouvera  plus  loin  les  caracte- 
ristiques  de  cette  tuyere,  le  schema  de  1  •  instal lat ion  du  banc  d’essais 
et  les  r^sultats  obtenus. 


CONCLUSIONS. 


Certes,  il  serait  possible  de  determiner  la  meilleure  tuyere  en  se 
plagant  uniquement  sur  le  plan  renaenent  pur.  On  pourrait  ainsi  determi¬ 
ner  dans  une  famiiie  de  tuyeres  le  diam^tre  optimum  au  col  pour  une  pres— 
sion  et  une  ouverture  donn^es,  ou  bien  determiner  pour  une  tuyere  l'ouver- 
ture  optimum  pour  une  pression  donn^e.  On  pourrait,  naturellement,  pour 
plusieurs  tuyeres  de  merries  dimensions  mais  de  profil  different,  determiner 
la  meilleure  pour  un  m£me  r^qlaqe. 


Mais  si  on  veut  considerer  un  point  de  vue  pratique,  il  faut  prendre 
en  consideration  des  parametres  mat^riels  :  encombrement,  resistance  des 
mat^riaux,  prix  de  revient,  etc.... 


Tous  cus  parametres  ne  pourront  etre  introduits  que  le  jour  oj  sera 
connu  le  role  precis  assigne  £  la  tuyere,  c'est  a  dire  quand  on  passera  h 
la  realisation,  non  plus  d'un  avant-projet,  mais  d'un  prototype  d • AERODYNE. 


* 
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IV.  REMARK  CONCERNING  THE  "L.A."  TYPE  NOZZLE. 

Tests  were  made  of  this  nozzle  In  the  laboratories  of  the  CHAUSSON 
works,  at  Asnl&res  (Seine,  France).  The  characteristics  of  this  nozzle 
will  be  given  later,  together  with  a  diagram  of  the  test  bench  installa¬ 
tion,  and  the  results  obtained. 


V.  CONCLUSIONS. 

It  would  o.'  course  be  possible  to  determine  which  is  the  best  nozzle 
purely  from  the  point  of  view  of  efficiency.  Thus  we  could,  for  one  cate¬ 
gory  of  nozzles,  establish  the  most  favorable  diameter  of  throat  for  a 
given  pressure  and  opening,  or  else  establish  the  best  opening  of  a  nozzle 
for  a  given  pressure.  We  could  also,  *or  several  nozzles  of  the  same  di¬ 
mensions  but  different  profiles,  determine  which  gave  the  best  results  for 
the  same  adjustment. 

But  if  we  wish  to  take  into  account  the  practical  point  of  view,  we 
must  consider  the  material  parameters  ?  bulk,  resistance  of  materials, 
prime  cost,  etc... 

All  these  parameters  can  only  be  introduced  when  we  know  the  exact 
purpose  for  which  the  nozzle  is  destined,  that  is  to  say  when  we  pass  on 
to  the  realization  not  merely  of  a  draft  project,  but  of  the  prototype  of 
an  AERODYNE. 
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La  tuyere  "L.A.”  est  une  tuyere  interne  centrifuge.  Elle  a  pcur  but 
de  remplacer  lea  ventilateurs  centrifuges. 

Elle  peut  s'erplcyer  simple  ou  double,  c'est  &  dire  avec  Inspiration 
d'un  seul  cot^  ou  par  deux  cStes  a  la  fois. 

Elle  fonctionne  de  la  fagon  suivante  i 

-  Au  col  de  la  tuyere  se  trouve  la  fente  soufflante  par  ou  sort.  I’air  pri- 
maire.  La  forte  depression  qui  se  produit  le  long  de  la  premiere  facette, 

laquelle  est  orient^e  approximativement  parallelement  h  l'axe  de  la  tuyere, 
aspire  violemr.ent  l'air  ambiant  (air  secondaire). 

-  L'ensemble  du  melange  air  primaire  et  air  secondaire  suit  alors  la  paroi 
qui  est  form£e  par  la  l&vre  prolongee  de  la  fente  et  se  dirige  d'une  fagon 
centrifuge  vers  la  p^riph^rie  de  la  tuyere. 

-  L'autre  paroi  de  la  tuyere  est  form^e  par  la  pi^ce  du  milieu  dont  le  pro- 
fil  joue  un  grand  rfile,  car  il  faut  que  l'espace  engendr^  par  la  levre  pro¬ 
long^  de  la  fente  et  la  paroi  de  la  piece  centrale  prpsente  toutes  les 
qualit^s  d'un  diveraent.  A  la  sortie  de  cet  espace  et  en  partant  de  la 
phfSriph^rie  de  la  tuyere  se  trouve  plac^e  une  couronne  portant  des  ailettes 
de  profil  appropri^,  lesquelles  impriment  au  melange  un  mouvement  de  rota- 
tion  de  fagon  &  ce  que  l'ensemble  puisse  etre  collecte  par  un  colimagon. 

Si  1 'emplacement  le  permet,  on  peut  remplacer  ces  ailettes  par  des  ailes 
circulaires  concentriques  lesquelles,  suivant  1 ' appli cation  d'un  des  Bre¬ 
vets  de  la  SFERI-COANDA  (Fente  4paisse),  permettent  de  collecter  tout  cet 
air  dans  une  chambre  pour  etre  dirige  ensuite  a  l'endrcit  voulu. 

11  est  bon  de  mentionner  que  suivaut  les  btcoins  on  peut,  bipn  entendu, 

en  plusieurs  etages. 
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The  "L.A."  nozzle  is  an  internal  centrifugal  nozzle.  Its  purpose  is 
to  replace  centrifugal  ventilators. 

It  can  be  used  in  single  or  double  fora,  that  is  to  say  with  induction 
of  air  on  one  side  only  or  on  both  sides  at  once. 

The  nozzle  functions  in  the  following  manner  : 

-  The  slot  out  of  which  is  blown  the  primary  air  is  located  at  the  throat 
of  the  nozzle.  The  great  depression  which  is  produced  along  the  first 
facer,  which  is  roughly  parallel  to  the  axis  of  the  nozzle,  exerts  an 
extremely  strong  suction  effect  on  the  surrounding  air  (secondary  air). 

-  The  resulting  mixture  of  primary  and  secondary  air  then  follows  the  wall 
which  is  formed  by  the  extended,  lip  of  the  slot,  and  proceeds  centrifu- 
gally  towards  the  periphery  of  the  nozzle. 

-  The  opposite  wall  of  the  nozzle  is  formed  by  a  center  piece  whose  profile 
is  of  great  importance,  because  it  is  necessary  that  the  space  lying 
between  the  extended  lip  of  the  slot  and  the  said  center  piece  should 
have  all  the  characteristics  of  a  divergent.  At  the  exit  of  this  space, 
around  the  periphery  of  the  nozzle,  a  ring  of  fins  of  suitable  profile 
impart  a  rotational  motion  to  the  mixture  so  that  this  can  bo  collected 
in  a  spiral  element.  If  the  position  of  thp  device  allov'5  it,  these  fins 
can  be  replaced  by  annular,  concentric  wings  in  which  one  of  the  SFER! 

COANDA  patents  is  applied  (wide  slot),  which  enable  all  the  air  to  be 
collected  in  a  chamber  from  which  it  can  then  be  directed  to  the  desired 
point. 

It  should  be  mentioned  that  these  ''L.A."  nozzles  can  also,  if  desired, 
be  mounted  in  series. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFIC ATIONS  CR  OTHER  DATA 

aRe  Used  for  any  purpose  other  than  in  connection  with  a  dehjttely  relate1* 

GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REG  AID)  D  BY 
IMPLICATION  OR  OTHERS  HE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  >R  ANY  OTHEft  I 
PERSON  OR  CORPORATION  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TC  MANUFACTUI**"  1 
USE  OR  SELL  ANY  PATEN**  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RE  LA  TED  THERETO-  ^ 


UNCLASSIFIE 


\ 


i 


